Saethre-Chotzen syndrome (SCS) belongs to a group of rare congenital disorders connected with craniosynostosis and syndactyly. The purpose of this paper is to provide a review of the literature, to collect all reported symptoms and to describe the case of an 11-year-old female with SCS. The electronic databases PubMed and Scopus were searched to gain all symptoms of SCS described in the literature. The most common features of SCS described in the literature are synostosis of the coronal suture, syndactyly, facial asymmetry, low hairline, prominent ear crus, prominent nasal bridge, eyelid ptosis, and ocular hypertelorism. Less common symptoms include hearing loss, renal abnormalities and cardiac defects. Intraoral manifestations of SCS include maxillary hypoplasia, mandibular prognathism and high arched palate. Moreover, in some patients mental disability is observed, which may be connected with the size of the deletion in the TWIST gene. There are no pathognomonic symptoms of SCS, which would indicate a diagnostic problem. Our patient displayed small dysmorphic changes within the skull and limbs and proper intellectual development. On the basis of an intraoral, extraoral examination and X-rays, she was diagnosed with relative mandibular prognathism. Currently, she is treated with a removable appliance. This report emphasizes a considerable variability of symptoms in SCS and highlights the most common features.
Introduction
Saethre-Chotzen syndrome (SCS) (MIM 101400) belongs to a group of rare genetic disorders known as acrocephalosyndactyly, which is characterized by syndactyly and craniosynostosis -the premature fusion of certain cranial sutures. 1, 2 Craniosynostosis can be a part of a genetic syndrome (e.g., Apert, Crouzon, Pfeiffer, SCS) but more often it is an isolated defect -approx. 85% of all craniosynostosis cases are nonsyndromic. 2 Saethre-Chotzen syndrome is one of the most common craniosynostosis syndromes and was first described independently by 2 psychiatrists: Haakon Saethre (1931) and Fritz Chotzen (1932) as acrocephalosyndactyly type 3. 2 The prevalence of SCS is estimated at 1/25000 to 1/50000 of live births. 3 Saethre-Chotzen syndrome may often go unrecognized, especially in the group that does not experience craniosynostosis and that is the reason why the real number of cases may be higher than estimated. 2, 4 It affects both sexes equally. 5 Gene mutations were proved to be responsible for SCS -mainly modifications in the TWIST1 gene of chromosome 7p21, containing the bHLH domain, which is important for the development of the head and limbs and is inherited in an autosomal dominant manner. 2, 6 Rarely, it may also be caused by FGFR2 and FGFR3 gene mutation. 7 However, occurrences of the novo mutation are also reported. 1 The characteristic of SCS includes a premature closure of cranial sutures, particularly the coronal suture, which usually begins within the first 12 months of life. This coexists with finger and/or toe abnormalities. Coronal synostosis occurs in 20-30% of all craniosynostosis cases with females being more often affected than males. 2, 8, 9 Intraoral manifestations of SCS include maxillary hypoplasia, mandibular prognathism, and high arched palate. 2 The aim of this study is to present a case report of a 9-year-old girl with SCS treated in our clinic and to emphasize the wide variability in the phenotypic expression of this syndrome on the basis of literature review.
Case report
A 9-year-old female was referred to the Department of Orthodontics, Division of Facial Abnormalities (Wroclaw Medical University, Poland) by a general dentist who was concerned about her malocclusion.
According to the medical history, the girl was born in a natural way after 40 weeks of gestation with a birth weight of 3180 g. This was the mother's 3 rd pregnancy and the 1 st that was full-term. After birth, apart from the features of craniofacial dysmorphism, she was diagnosed with cyanosis, reduced muscle tension, and poor reflexes. Moreover, the girl required pneumonia, respiratory and renal failure treatment shortly after labor. Advanced care was provided and she had been under the care of numerous specialists since she was a neonate: cardiologist due to congenital valvular pulmonary stenosis and interatrial septal defect, endocrinologist because of hypothyroidism and ophthalmologist due to divergent strabismus and myopia. There was no family history of acrocephaly. The parents underwent a genetic test that showed a correct karyotype, indicating that SCS was caused by de novo mutation in the TWIST1 gene.
A general examination revealed features of craniosynostosis and face dysmorphic traits, such as a broad forehead with low hairline, hypotelorism, a "beaked" nose with a depressed nasal bridge, and small low-set ears. The profile of the patient is straight with the light retrusion of the chin (Fig. 1) . Finger abnormalities were also present in the form of brachydactyly with a significant shortening of the little finger and nail dysplasia (Fig. 2) .
Intraoral examination revealed a high arched palate, crowding in the upper and lower arch, angle class I on both sides, canine class I on the right side, class II on the left side, and a dual tooth 12. The midline of the lower arch was shifted to the left side and mixed dentition was observed. The deciduous canine, molars, permanent incisors, and first molars in the upper and lower arches were present, which is correct for the patient's age (Fig. 3) . In the 1 st step of diagnostic imaging, an orthopantomo- Table 1 ) A physical examination confirmed by a radiological X-ray showed a lack of the coronal suture. The psychological examination revealed hyperactivity, with no abnormalities in intellectual development. The mother reported that the girl removed her hair excessively, which was confirmed by a bald spot on her head (Fig. 1) . Further genetic diagnostics are planned. The diagnosis was performed on the basis of clinical features. Currently, the patient is under the care of our clinic and is treated with a removable expansion appliance -a Schwartz plate with a Fischer screw, which is activated once every 2 weeks (Fig. 6 ).
Literature review
The electronic databases -PubMed and Scopus were searched from years 2000 to 2017. The language of the articles was restricted to English. The following keyword was used for the search: "Saethre-Chotzen syndrome". 170 articles from PubMed, 199 articles from Scopus were initially included in the study. Then, references of the articles were searched manually. The inclusion criteria were as follows: case reports with described features of the syndrome in detail; articles on the frequency of occurrence of a particular feature, review of the literature focused on SCS. The exclusion criteria: not enough details about the patients, animal studies, studies focused on genetic diagnostic methods (Table 1) .
Twenty eight articles were finally chosen after applying the selection criteria and removing duplicated papers (Fig. 7, Table 2 ). The above-mentioned articles, which described more than 10 cases of SCS, were additionally screened to show the frequency of the most common features (Table 3) . 24, 34, 35, 38, 39 Discussion Saethre-Chotzen syndrome belongs to a group of rare genetic disorders known as acrocephalosyndactyly disorders. This genetic condition is characterized by the premature fusion of certain bones of the skull (at 1-3 years of age) and the fusion of certain fingers or toes. 40 The most common is the premature fusion of the coronal suture, which is located between the frontal bone and the parietal bone and is perpendicular to the sagittal suture. 3 These changes can result in various cranial dysmorphologies depending on where the premature closure of the coronal suture occurs: acrocephaly, which includes the premature closure of the coronal sutures alongside any other suture, like the lambdoid, resulting in an abnormally high, peaked, or cone-shaped cranium, 6 and brachycephaly, where the premature fusion of the coronal sutures includes both the right and the left side of the skull. 2 In rare cases, trigonocephaly, cloverleaf deformity, and oxycephaly can also be observed. 4 In some cases the cranial sutures may fuse unequally and thus contribute to facial asymmetry. Asymmetric craniosynostosis is called plagiocephaly and it occurs in approx. 25% of patients suffering from SCS. 4 An early fusion of cranial sutures may lead to increased pressure within the skull (intracranial pressure) and contribute to neurological disorders. According to De Jong et al., SCS is associated with a 21% risk of elevated intracranial pressure (ICP). 25 Despite the improper shape of the skull, many abnormalities relating to the face may be observed: a broad forehead with a low hairline, small, low-set ear, and many defects of the nose such us a "beaked" nose, deviated nasal septum, and a depressed nasal bridge.
When it comes to the eyes, ocular hypertelorism (widely spaced eyes), unusually shallow eye cavities (orbits), ptosis (drooping or falling of the upper eyelids), and strabismus were observed. 25 Moreover, a nasolacrimal duct stenosis causing decreased tear secretion and susceptibility to eye infections may be presented. 3, 41 Many individuals with SCS demonstrate hypoplastic maxilla and midface hypoplasia with relative mandibular prognathism. Moreover, a highly arched palate may be observed. According to Stoler et al., it occurs in 43% of cases. 27 In rare cases, cleft palate is diagnosed, which is described by Stoler et al. in 6% of patients, while a bifid uvula was observed in 10% of cases. Dental anomalies in a patient with SCS were reported first by Goho. 42 A characteristic dental feature of this anomaly is the presence of teeth with broad, bulbous crowns, long, narrow tapering roots, and multiple pulp stones in the pulp chambers of all posterior teeth. 42 Moreover, in patient with SCS, we can notice the absence of certain teeth or supernumerary teeth. 40 Unfortunately, 42% of patients with craniosynostosis require restorative treatment, but poor oral hygiene and high plaque accumulation are not connected with the presence of syndactyly. 43 These dental findings may influence dental care for these patients.
The hands and feet may also be affected by SCS. The most common defects are brachydactyly (unusually short digits) and cutaneous syndactyly of certain fingers and toes, which is usually observed between the 2 nd and 3 rd fingers and 2 nd and 3 rd toes and, less frequently, from the 2 nd to the 4 th fingers. 3, 41 Less frequent signs include clinodactyly of the 5 th fingers (abnormally bent or curved fingers), "finger-like" thumbs and broad, deviating great toes. 38 The disorder is also associated with musculoskeletal abnormalities including a union or fusion of certain bones of the spinal column within the neck, short stature, an 35 Nascimento et al. 38 Heer et al. 33 De Heer et al. 39 Chun et al. 34 Foo et al. abnormal fusion of the forearm bones, limited extension of the elbows or knees, short collarbones, and hip deformities. 3, 41 Trusen et al. reported that pathognomonic signs in the skeletal system for SCS are a triangular shape of the epiphysis and a duplicated distal phalanx of the hallux. 41 Less common symptoms of SCS involve hearing loss, kidney abnormalities, and heart defects. 36 In the literature we can observe that SCS is associated with a higher risk of breast cancer. 7 However, James et al. 44 showed that breast cancer risk is not increased in patients with a TWIST mutation.
Most people with this condition display normal intellectual development, but mild-to-moderate disabilities are possible. Some authors reported that children affected by SCS suffer from mental disability and exhibit autistic behavior. 45 The literature features some explanations that SCS caused by microdeletion can affect mental disability. 46 It has been described that the deletion of the TWIST1 gene contributes to significant developmental delay and most patients with intragenic mutation do not show severe developmental delay.
10,45,47 Shimbo et al. suggested that the developmental delay in SCS patients is connected with a mutation of HDAC 9, which is responsible for the regulation of neocortical neuronal development. 10 Fehlow et al. 48 suggested that in patients with SCS, excessive anxiety, obsessions, compulsions, phobias, irritability, and depression may be displayed.
Diff erential diagnosis
The diagnosis of patients with SCS is difficult, because the symptoms vary to a large extent from person to person, including affected members of the same family. The differential diagnosis includes other syndromes belonging to a group of craniosynostosis, like Crouzon syndrome, Apert syndrome, Pfeiffer syndrome, Antley-Bixler syndrome, Muenke syndrome, Baller-Gerold syndrome, Robinow-Sorauf syndrome. All these syndromes are characterized by the premature fusion of certain bones of the skull during development, which affects the shape of the head and face. The strong correlation between the genotype and phenotype is only observed in Apert syndrome, where 2 mutations in Ser252Trp and P253 are connected with a larger incidence of cleft palate in the 1 st mutation and syndactyly in the 2 nd mutation. In the other syndromes, the correlations between phenotype and genotype are less clearly marked. The researchers indicate that some craniosynostosis, which differ clinically, may show identical mutations or be allelic diseases.
Conclusions
Saethre-Chotzen syndrome reveals a huge variability of symptoms (Table 3) . Depending on the degree of severity, they can be mild, sometimes even undetectable, or very advanced causing numerous physical defects and mental retardation. Patients suffering from SCS require long-term care from many specialists. Our patient exhibited minor dysmorphic changes within the skull and limbs and proper intellectual development, which is the reason why we can identify the severity of her condition as mild. Furthermore, despite the fact that craniosynostosis usually requires a complex orthodontic therapy, only a minor malocclusion and dental abnormalities have been reported in the presented patient.
